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Description 

[0001] This invention relates to a photomultiplier 
tube of the type according to the preamble of claim 1 . 
[0002] Conventional photomultiplier tubes include a 
vacuum envelope containing a photocathode, several 
dynodes and an electron collector. Light entering the 
tube through a window and incident on the photocath- 
ode causes electrons to be emitted by the photocath- 
ode. The electrons impinge on the successive dynodes, 
causing electron multiplication by secondary emission. 
After impingement on the last dynode, the electrons are 
collected and delivered on an output lead of the tube to 
provide an output signal which is representative of the 
input light. 

[0003] A hybrid photomultiplier tube includes a pho- 
tocathode, electron focusing electrodes and an electron 
bombarded photodiode anode. Electrons emitted by the 
photocathode are focused onto the photodiode. The 
electrons penetrate Into the photodiode material and 
create electrode-hole pairs, causing a multiplication 
effect. Gain is produced by the photodiode rather than 
the dynodes, as in the conventional photomultiplier 
tube. 

[0004] A hybrid photomultiplier Is disclosed by L. K. 
van Geest et al in "Hybrid Phototube With Si Target", 
SPIE, Vol. 1449. Electron Image Tubes and Image 
Intensifies. II. 1991, pages 121-134. A photomultiplier 
tube using both dynodes and an impact ionization diode 
for electron multiplication is disclosed in U.S. Patent No. 
3,885,178 issued May 20, 1975 to Goehner. 
[0005] A bias voltage on the order of 10 kilovolts is 
typically applied between the anode and cathode of a 
hybrid photomultiplier tube. The electrons are acceler- 
ated by the applied field and bombard the photodiode 
anode, which results in multiplication gain. However, 
depending on the photodiode material, 20-30% of the 
electrons backscatter off the diode surface at varying 
angles. Some of the electrons strike the Inside surface 
of the tube wall, causing charging of the tube wall. The 
charges modify the potential inside the tube, causing a 
defocusing of the electron beam and operational insta- 
bility. In addition, for a sufficiently large acceleration volt- 
age, x-rays may be generated at the diode surface due 
to electron deceleration. The x-rays can strike the inside 
surface of the tube wall, resulting in ionization or posi- 
tive charging of the surface. Again, the net result is elec- 
tron defocusing and operational instability. A curved 
channel electron multiplier, wherein part of the outer 
surface was coated with a silver film to determine the 
effect of distributed capacitance on various parameters, 
is disclosed by K.C. Schmidt et al in "Continuous Chan- 
nel Electron Multiplier Operated in the Pulse Saturated 
Mode", IEEE Trans. Nucl. Sci . June 1966, p. 100-111. 
[0006] One prior art approach to the wall charging 
problem in photomultiplier tubes involves a partially con- 
ductive coating, such as green or black chrome oxide, 
on the inside surface of the tube wall. However, the 



coating must be highly resistive to prevent short 
circuiting of the tube electrodes. Thus, the coating is not 
particularly effective in reducing the effect of wall charg- 
ing. Furthermore, the tube life may be reduced by out- 
5 gassing from such coatings into the vacuum envelope. 
[0007] US-A-3345537 discloses an electrode on 
the outside of the tube extending continuously along the 
trajectories of the electrons. The present Invention 
improves on this arrangement as set out in the charac- 
ter terising clause of claim 1. The dependent claims 
describe particular embodiments of the invention. EP-A- 
0360906 and the publication Physique appliquee aux 
Industries du Vide et de I'Electronique, pages 288-9, 
GA Boutry, Paris 1971, disclose mutually insulated con- 
15 ductors arranged along the trajectories of the charged 
particles, but these electrodes are arranged on the 
inside surface of the vacuum envelope. This arrange- 
ment has disadvantages as will be described later in the 
specification. 

20 [0008] In the accompanying drawings, Figs. 1 - 4B 
appear in our co-pending application 93310187.5 (EP- 
A-0602982). The drawings illustrate examples of the 
invention, in which: 

25 FIG. 1 is a cross-sectional view of an FEB ion 
detector; 

FIG. 2 is a detailed view of the diode element of the 
FEB ion detector; 

FIG. 3 is a schematic drawing showing the opera- 
30 tion of the FEB ion detector; 

FIG. 4A is an actual measured transfer curve of out- 
put current vs. input current for the FEB ion detec- 
tor; 

FIG. 4B is a curve illustrating the differential gain vs. 
35 input current calculated from FIG. 4A; 

FIG. 5 is a cross-sectional view of a hybrid photom- 
ultiplier tube in accordance with the present inven- 
tion; 

FIG. 6 is a schematic diagram of the photomultiplier 
40 tube of FIG. 5, illustrating the conductive portions of 
the tube and the resulting equipotential electric field 
lines and electron trajectories; 
FIG. 7 is a graph of quantum efficiency and respon- 
sivity as a function of wavelength for a gallium arse- 
45 nide phosphide photocathode; 

FIG. 8 is a graph of quantum efficiency and respon- 
sivity as a function of wavelength for a gallium arse- 
nide photocathode; and 

FIG. 9 is a graph of electron bombardment gain as 
so a function of photocathode bias relative to the 
anode. 

[0009] An FEB ion detector is shown in FIGS. 1 and 
2. A standard microchannel plate (MCP) 2 is mounted at 
55 one end of a cylindrical detector body 4. In the embodi- 
ment shown in FIG. 1, detector body 4 is comprised of a 
series of ceramic rings stacked to give the appropriate 
dimensions. Alternatively, the detector body could be 
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formed as a specially designed cylinder or in any other 
shape dictated by the application. MCP 2 is held in 
place by a retainer ring 6. Conductors 8 and 10 extend 
from the MCP input electrode 7 and MCP output elec- 
trode 9, respectively, to attach the ion detector to a suit- 5 
able power source (not shown). 
[0010] Two electron focusing rings 12 and 14 are 
disposed in detector body 4. In the embodiment shown 
in FIG. 1, rings 12 and 14 are mounted between pairs of 
the ceramic rings comprising detector body 4. Other 10 
means of attaching the focusing rings may be used 
without departing from the invention. Rings 12 and 14 
connect to an external power source (not shown) via 
suitable conductors 16 and 18, respectively. The pur- 
pose of focusing rings 12 and 14 is to concentrate and 15 
direct the output of the MCP onto the collection anode, 
as shown schematically In FIG. 3. 
[0011] A collection anode 20 is disposed at the far 
end of detector body 4. Anode 20 comprises a broad- 
band microwave connector 30, a step-tapered coaxial 20 
transmission tine section 32, and a solid state diode 34 
terminating the transmission line. In a preferred embod- 
iment, diode 34 is an AIGaAs/GaAs pin diode optimized 
for electron bombardment current gain. As shown in 
more detail in FIG. 2, the preferred embodiment of 25 
diode 34 comprises three separate layers 40, 42 and 44 
formed on an n+ GaAs substrate 46. The top layer 40 is 
doped to be a p-type AI 30 Ga 7C) As layer approximately 
250 Angstroms thick. Layer 40 provides a potential bar- 
rier near the surface of the diode to keep generated 30 
electron minority carriers from recombining at the sur- 
face. The composition of layer 40 is also chosen for sta- 
bility and for its resistance to oxidation during 
processing in air. Layer 42 is doped to be p-type GaAs 
approximately 0.25 microns thick. 35 
[0012] Layer 44 is undoped GaAs and is approxi- 
mately 6 microns thick. The thickness of layer 44 is cho- 
sen to optimize the response time of the diode 
according to the following principles: 
[001 3] The transit time T^^ of an electron across 40 
an undoped layer of thickness w is 

T transit = Bai 

where V sat is 1 x 10 7 cm/sec. The RC time constant T RC 45 
of the loaded diode is 

T RC = E(rcr 2 /w)R L , 

where r is the radius of the diode and R L is the diode so 
load (50O, for example). The time response of the 
loaded diode is minimized when T lranglt = T RC or, 

w /V 8at = E(nr 2 /w)R L 

55 

The optimum w or undoped thickness is therefore 
w = Square Root of (E nr 2 V sat R L ) 
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The optimum time response is therefore 

T opt = Square Root of (Enr 2 R L /V sat ) 

Since T opt is proportional to diode radius, the time 
response of an FEB detector using such a diode is 
greatly improved over detectors which do not focus. 
[0014] The following is an example of the design 
and operating parameters of an FEB ion detector 
according to a preferred embodiment. The MCP of this 
example has a plate diameter of 19 mm and a channel 
diameter of 10 microns. An outside power source 
applies a potential of approximately 1000 volts across 
the MCP's input and output electrodes 7 and 9. In addi- 
tion, the power source applies a potential of approxi- 
mately 30 volts between MCP output electrode 9 and 
the first focusing ring 12 and a potential of approxi- 
mately 400 volts between MCP output electrode 9 and 
the second focusing ring 14. Collection anode 20 is 
grounded, making the voltage drop between diode 34 
and the MCP output approximately 10,000 volts. 
[0015] In operation, charged particles (such as pos- 
itive ions) strike the MCP channel walls and create elec- 
trons. The electrons are accelerated by the voltage 
across the MCP and strike the channel walls to gener- 
ate additional electrons. This multiplication of electrons 
results in a flux of electrons at the MCP output end with 
a net gain of electron charge per incident charged parti- 
cle. The generated electrons are then accelerated and 
focused by the focusing rings 12 and 14. The focusing 
rings of the FEB ion detector reduce the diameter of the 
MCP output from 1 8 mm at the output electrode to a .25 
mm diameter beam at collection anode 20 (as shown 
schematically in FIG. 3), and the bias applied to the 
MCP and focusing rings raises the average energy of 
the electrons striking diode 34 to 10,000 eV. The gain of 
the FEB ion detector may be adjusted by changing the 
bias voltage of the MCP (i.e., by changing the voltage 
between the MCP input and output electrodes) and by 
changing the overall bias between the MCP, the focus- 
ing rings and the collection anode. For an MCP bias 
voltage of 1000 volts and overall bias voltage of 10,000 
volts as described in this example, the FEB ion detector 
gain is on the order of 90 million. 
[0016] FIG. 4A shows the measured transfer curve 
(diode output current versus input current), and 4B 
shows the differential gain of a prototype FEB ion detec- 
tor Here the detector is used to detect input electron 
current. The gain is approaching one million at one 
nanoamp input current 

[0017] The FEB ion detector improves upon current 
ion detectors such as channeltrons and MCP stacks by 
improving the device's bandwidth and dynamic range 
due to the pin diode's ability to handle relatively high 
instantaneous currents while still delivering a linear 
response. The FEB detector also has a lower capaci- 
tance, and therefore a faster recovery time, than prior 
art detectors. 
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[0018] The FEB detector has a longer useful life 
than current channeltron or MCP stack Ion detectors. 
The high gain at which channeitrons and MCP stacks 
need to be operated increases the electron bombard- 
ment rate on the devices' outputs. The higher bombard- 5 
ment rate deteriorates the interior surface of the 
channels, causing them to be less emissive. However, 
this form of deterioration is avoided with the FEB Ion 
detector of this invention because the MCP is operated 
at a lower gain. 10 
[0019] The FEB detector does not have the same 
stringent vacuum requirements that MCP stacks and 
channeitrons have. The high gain of current MCP stacks 
and channeitrons creates high electron densities within 
the channels. Collisions between the electrons and any 15 
gas molecules present in the channels can create posi- 
tive ions. As the positive ions move toward the input end 
of the channels under the influence of the bias voltage, 
they strike the channel walls and create "noise" elec- 
trons. Higher bias voltages create more ions and 20 
increase this noise effect. Since the FEB detector of this 
invention can be operated at lower bias voltages than 
current channeitrons and MCP stacks, fewer ions are 
created in the channels at given gas molecule concen- 
trations. The FEB detector can therefore be used under 25 
less stringent vacuum conditions than current detectors 
with Ion noise effect kept to a minimum. 
[0020] The example described above is but one of 
many possible configurations other configurations of 
FEB detectors are within the scope of this invention. In 30 
one alternative embodiment, for example, a silicon or 
GaAs avalanche photodiode may be substituted for the 
solid state diode described above to give added gain. In 
addition, the detector could employ more than one MCP 
in a serial (stacked) arrangement to improve the gain of 35 
the detector. 

[0021] In another alternative embodiment, the 
focusing rings may be modified and more focusing rings 
may be added to optimize the focusing for the applica- 
tion. In addition, the single diode 34 may be replaced 40 
with an array of diodes to provide positional information. 
[0022] The dimension and properties of the FEB 
detector should be selected to meet the application. For 
example, the MCP may be designed with a larger diam- 
eter to increase the detector input area. The communi- as 
cation between the diode and the device monitor may 
be optimized by impedance matching the diode and the 
coaxial transmission line in a manner known in the art. 
Impedance matching helps keep the response of the 
detector flat over the dynamic range of freqencles. 50 
[0023] While the FEB ion detector has been 
described with reference to the detection of ions, the 
FEB detector may be used to detect any particle that 
generates electrons when striking the channel walls of 
an MCP, such as an X-ray, a photon or an energetic 55 
neutral particle. In addition, although the FEB detector 
has been described in terms of ordinary MCPs, the 
walls of such MCPs may also be doped or coated to 



enhance the electron generation effect In a manner 
known in the art, for use in this invention. 
[0024] A preferred embodiment of a hybrid photom- 
ultiplier tube is shown in FIG. 5. Equipotential electric 
field lines and electron trajectories of the hybrid photo- 
multiplier tube are shown in the schematic diagram of 
FIG. 6. A vacuum envelope 1 10, or housing, encloses a 
vacuum region 112, typically having a pressure on the 
order of 1.33 x 10" 8 Pa (10* 10 torr). The vacuum enve- 
lope 110 includes a window 114, a sidewall 116, an 
electrode 1 18 and a connector assembly 120. The side- 
wall 116 typically comprises several ceramic rings. The 
vacuum envelope 110 typically has circular symmetry 
about a central axis 122 such that the sidewall 116 is 
cylindrical. However, the vacuum envelope 110 may 
have other physical configurations. 
[0025] A cathode 130 is located on the inside sur- 
face of window 114. The photocathode 1 30 is preferably 
a group lll-V semiconductor material, such as gallium 
arsenide, gallium arsenide phosphide, indium phos- 
phide or indium phosphide/indium gallium arsenide. A 
suitable gallium arsenide phosphide photocathode is 
disclosed by J. P. Edgecumbe et al in "A GaAsP Photo- 
cathode With 40% QE at 515 nm", SPIE Vol. 1655, 

Electron Tubes and Image Intensifies, February 1992. 

A suitable gallium arsenide photocathode is disclosed 
by K.A. Costello et al in "Imaging GaAs Vacuum Photo- 
diode with 40% Quantum Efficiency at 530 nm", SPIE 
Vol. 1243, Electron Image Tubes and Imaoe Intensifies. 
1990. Another suitable photocathode is disclosed by K. 
Costello et al In Transferred Electron Photocathode 
with Greater Than 5% Quantum Efficiency Beyond One 
Micron", SPIE Vol. 1449, Electron Tubes and Imaoe 
Intensifiers II . 1991. Typically, a wafer including layers of 
epltaxially grown, suitable photocathode material is 
bonded to window 114, and the wafer substrate is 
etched away in the case of GaAs or GaAsP photocath- 
odes. In the case of a transferred electron photocath- 
ode, the substrate may be left intact or removed. The 
photocathode 130 emits electrons in response to inci- 
dent light received through window 1 14. 
[0026] The electrons emitted by photocathode 130 
are focused on a photodiode 132 by electrodes 134 and 
136 sealed within the vacuum envelope 110. The elec- 
trodes 134 and 136 have central apertures 138 and 
140, respectively, for passage of the electrons to photo- 
diode 132. The placement and dimensions of the elec- 
trodes 134 and 136 are selected to focus electrons 
emitted by photocathode on photodiode 132. Additional 
focusing electrodes can be used, if desired. 
[0027] Photocathode 130 is typically biased at 
about -10kV. At this photocathode voltage, electrode 
134 is typically biased at -9878 volts, and electrode 136 
Is biased at -9700 volts. Electrode 118 is electrically 
connected to photodiode 132 and is grounded. The bias 
voltages are supplied by suitable voltage sources (not 
shown). 

[0028] The photodiode 132 is preferably an ava- 



15 



4 



7 



EP 0 602 983 B1 



8 



lanche photodiode and is mounted on axis 122. The 
photodiode 132 is selected to produce electron multipli- 
cation when impacted by energetic electrons from pho- 
tocathode 130. In a preferred embodiment, the 
photodiode 132 is a GaAs/AIGaAs avalanche photodi- 
ode. Other suitable photodiodes include PIN photodi- 
odes, as shown in FIG. 2 and described above in 
connection with the FEB ion detector. 
[0029] As noted above, electrical charges may build 
up on an inside surface 142 of sidewali 116. The side- 
wall 116 may, for example, be a ceramic material having 
a thickness on the order of about 0.165cm (0.065 inch). 
As shown in FIG. 6. electrons emitted from photocath- 
ode 130 are focused by electrodes 134 and 136 along 
trajectories 144, 146, etc. that are incident on photodi- 
ode 132. Equipotential lines 148, 150, etc. are estab- 
lished by the electrode configuration. When electrical 
charge builds up on the inside surface 142, the field 
configuration and, hence, the electron trajectories 144, 
146 may be affected such that the electrons are no 
longer focused on photodiode 132. 
[0030] To overcome this problem, a conductor is 
located on or adjacent to sidewali 1 16 of vacuum enve- 
lope 110. In the embodiment of FIG. 5, the conductor 
includes conductors 152 and 154 on an outside surface 
of sidewali 116. The conductor 152 is electrically con- 
nected to photocathode 130, and the conductor 154 is 
electrically connected to electrode 134. A gap 156 is 
provided between conductors 152 and 154 to prevent 
photocathode 130 from being short circuited to elec- 
trode 134. In the above example, the gap 156 can be 
relatively small, since the voltage difference between 
electrode 134 and photocathode 130 is on the order of 
100 volts. 

[0031] The effect of the conductors 152 and 154 is 
believed to be as follows. The charges on inside surface 
142 of sidewali 116, believed to be positive electrical 
charges, are passivated by electrical charges of equal 
magnitude and opposite polarity on conductors 152 and 
154. This causes electrical fields resulting from the 
charges on inside surface 142 to be confined to the 
regions between the inner and outer surfaces of side- 
wall 116. The charges on the inner and outer surfaces 
of sidewali 116 effectively form a capacitor, and minimal 
fringing electric fields extend from these charges into 
the vacuum region 112 between photocathode 130 and 
photodiode 132. As a result, the electrical charges on 
inside surface 142 do not appreciably affect the electron 
trajectories 144, 146, etc. followed by electrons 
between photocathode 130 and photodiode 132. 
[0032] The conductors 152 and 154 can be imple- 
mented in any convenient manner such as metal foil or 
metallic coatings on the outside surface of sidewali 1 16. 
Both metal foil and conductive coatings on the outside 
surface of the photomultiplier tube have been found to 
result in stable tube operation. An advantage of a coat- 
ing on the outside surface is that air voids between the 
sidewali 116 and the conductor are eliminated. Such 



voids may cause anisotropy in the electron optics within 
the photomultiplier tube. A preferred embodiment is to 
use a metallic paint, such as silver paint, to coat the out- 
side surface of sidewali 1 1 6. Gap 1 56 between conduc- 

5 tors 152 and 154 must be sufficiently wide to stand off 
the voltages applied to the respective electrodes. As 
best seen in FIG. 6, the gap 156 between conductors 
152 and 154 is shielded, or shadowed, from a direct line 
of sight to photodiode 132 by electrode 134, thereby 

70 minimizing the possibility of charge build-up on the side- 
wall 116 in the region of gap 156. 
[0033] It Is noted that a conductor fs not applied to 
the outside surface of sidewali 116 in a region 158, 
between electrode 136 and electrode 118. This portion 

15 of the sidewali 116 is preferably not provided with a 
metallic coating for several reasons. Most of the 10 kilo- 
volts applied to the photomultiplier tube appears 
between electrodes 136 and 118. Thus, a relatively 
large insulating gap is required. Furthermore, it has 

20 been found that the electrons scattered from photodi- 
ode 132 follow trajectories toward the opposite end of 
the tube adjacent to photocathode 1 30. Finally, in the 
region near photodiode 132, the electrons are acceler- 
ated to relatively high velocities, and the electrical 

25 charges on sidewali 116 have a lesser effect on the 
electron trajectories. 

[0034] As an alternative, conductors corresponding 
to conductors 152 and 154 can be located on inside sur- 
face 142 of sidewali 116. This is because it has been 

30 determined that good focusing of the electron trajecto- 
ries 144, 146, etc. onto the photodiode 132 is possible 
and may be slightly improved using conductors 152 and 
154. In this case, electrical charges which would other- 
wise build up on the insulating surface 42 are conducted 

35 away by the conductors thereon, thereby preventing 
charge build-up. This approach is effective in preventing 
charge build-up, but is less desirable than placing the 
conductors 152 and 154 on the outside surface of side- 
wall 116, since conductors within the vacuum envelope 

40 110 may outgas and reduce the life of the photomulti- 
plier tube. 

[0035] The connector assembly 120 includes a 
center conductor 160, mounted In a ceramic Insulator 
162. The ceramic insulator 162 is supported by an outer 

45 conductor 164. The ceramic insulator 162 is brazed to 
the center conductor 160 and to the outer conductor 
164. The outer conductor 164 is welded to electrode 
1 18 to form a vacuum tight assembly. Photodiode 132 is 
mounted on the end of center conductor 160 that 

so extends into vacuum region 112 so as to substantially 
cover the center conductor 160. The ceramic insulator 
162 includes a metallization 166, shown in FIG. 6, which 
is electrically connected to electrode 118, and which 
surrounds but does not contact the center conductor 

55 1 60. A thin wire 1 68 is connected between metallization 
166 and the top contact pad of photodiode 132. The 
connector assembly 120 further includes a conventional 
SMA-type coaxial connector 1 70 secured to center con- 
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ductor 160 and outer conductor 164 by a lock nut 172. 
[0036] The connector assembly 120 has several 
advantages in the operation of the hybrid photomulti- 
piier tube. The connector functions as a portion of the 
vacuum envelope 110 and thus affects the shape of the 
electric fields within the tube. The internal surface of the 
connector Is exposed to the open volume of the tube so 
that the surface can be electron scrubbed during tube 
processing, resulting in a cleaner tube. The connector 
supports the photodiode 132 on center conductor 160 
which is completely covered by the photodiode 132. 
Thus, the bias voltage applied to the photodiode 132 
does not affect the electric fields which focus electrons 
onto the photodiode. The preferred photodiode 132 has 
a relatively low operating voltage, thus permitting use of 
an industry-standard SMA output connector. The con- 
nector is impedance matched to 50 ohms to permit a flat 
frequency response well beyond 1 GHz. 
[0037] In a preferred embodiment, the photocath- 
ode 1 30 has a diameter of 24.5 mm and the window 1 14 
is fabricated of Corning type 7056 glass. The vacuum 
envelope 110 has a diameter of 4.06cm (1.6 M ) and a 
length of 5.08cm (2.0*). The quantum efficiency and 
responsivity for a gallium arsenide phosphide photo- 
cathode, as described in the aforementioned article by 
J.P. Edgecumbe et al, are plotted as a function of wave- 
length in FIG. 7. The quantum efficiency and responsiv- 
ity for a gallium arsenide photocathode, as described in 
the aforementioned article by K.A. Costello et al, are 
plotted as a function of wavelength in FIG. 8. In both 
cases, the gain is expected to be greater than 20,000 
and the risetime to be less than 0.5 nanosecond. The 
electron bombardment gain is plotted as a function of 
photocathode bias relative to the anode in FIG. 9. 
[0038] The use of a conductor adjacent to or on the 
vacuum envelope to limit the effect of electrical charges 
on the envelope wall on electron trajectories has been 
described thus far in connection with a hybrid photomul- 
tiplier tube. It is expected that this technique, i.e., passi- 
vation of charge build-up by a conductor on the outside 
surface of the vacuum envelope, can be utilized in any 
photomultiplier tube and, more generally, in any vacuum 
tube which includes a vacuum envelope, a charged par- 
ticle source and optics for controlling the trajectories of 
the charged particles within the vacuum envelope. Fur- 
thermore, the conductor can be used on the FEB ion 
detector described above. By limiting the electric fields 
resulting from the charges to the region within the wall 
of the vacuum envelope, the effect of the charges on 
charged particle trajectories is minimized. As noted 
above, the conductor can be placed on or adjacent to 
the vacuum envelope wall in any region where it is 
desired to limit the effects of charges on the inside sur- 
face of the vacuum envelope. 

Claims 

1 . A photomultiplier tube including: 



a vacuum envelope (110); 
a charged particle source within said vacuum 
envelope (110) including a photocathode (130) 
for emitting electrons in response to Incident 

5 photons; 

a detector for collecting and multiplying said 
electrons and providing an output signal repre- 
sentative of said incident photons, a potential 
difference being maintained in use between the 

10 photocathode (130) and the detector so as to 

accelerate electrons toward the detector; and 
optics comprising one or more electrodes (134, 
136) for focusing said electrons on said detec- 
tor; 

is characterised by: 

conductor means comprising first (152) and 
second (154) conductors insulated one from 
another and arranged in a substantially non- 
overlapping relationship sequentially along the 

20 path of the trajectories of the charged particles, 

said first conductor (1 52) being electrically con- 
nected to said photocathode (130), and said 
second conductor (154) being electrically con- 
nected to one of said electrodes (134). 

25 

2. A tube as claimed in claim 1 wherein said charged 
particle source comprises an electron source (130). 

3. A tube as claimed in claim 1 or 2, wherein said con- 
30 ductor means is disposed on an outside surface of 

said vacuum envelope. 

4. A tube as claimed in claim 1 or 2, wherein a said 
conductor means comprises a coating on said out- 

35 side surface. 

5. A tube as claimed in claim 4 wherein said conduc- 
tive coating comprises silver. 

40 6. A tube as claimed in any one of claims 1 to 5, 
wherein a gap (156) between said first (152) and 
second (1 54) conductors Is located on a part of said 
vacuum envelope (110) that is blocked by said elec- 
trodes (134, 136) from a direct line of sight to said 

45 detector (132). 

7. A tube as claimed in any one of claims 1 to 6 
wherein said vacuum envelope includes a window 
(114) and said photocathode (130) is located on an 

so inside surface of said window. 

8. A tube as claimed in any one of claims 1 to 7 
wherein said photocathode (130) comprises a 
group lll-V semiconductor material. 

55 

9. A tube as claimed in any one of claims 1 to 8 
wherein said photocathode (130) is selected from a 
group consisting of GaAs, GaAsP, InP and 
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InP/lnGaAs. 

10. A tube as claimed in any one of claims 1 to 9 
wherein said electrodes (134, 136) include first and 
second spaced-apart electrodes having apertures 5 
(138) for passing said electrons. 

11. A tube as claimed in any one of claims 1 to 10 
wherein said detector comprises an avalanche pho- 
todiode (132). w 

12. A tube as claimed in claim 11 wherein said vacuum 
envelope (110) includes a coaxial feedthrough 
(160) connected to said photodiode (132), said 
coaxial feedthrough (160) coupling said output sig- 15 
nal externally of said vacuum envelope (110). 

13. A tube as claimed in claim 12 wherein said coaxial 
feedthrough Includes a centre conductor (160) and 
wherein said photodiode (132) is mounted on said 20 
centre conductor (160). 

14. A tube as claimed in claim 13 wherein said photodi- 
ode (132) covers an end of said centre conductor 
(160). 25 

Patentanspruche 

1. Photovervielfacherrdhre, aufweisend: 

30 

Eine Vakuumhulle (1 10), 
eine Quelle fur geladene Partikel in der Vaku- 
umhulle (110), aufweisend eine Photokathode 
(130) zum Emittleren von Elektronen, anspre- 
chend auf einfallende Photonen, 35 
einen Detektor zum Sammeln und Vervielfalti- 
gen der Elektronen und zum Bereitstelien 
eines fur die einfallenden Photonen reprasen- 
tativen Ausgangssignals, wobei eine Potential- 
differenz im Gebrauch zwischen der 40 
Photokathode (130) und dem Detektor derart 
aufrechterhalten wird, daB die Elektronen in 
Richtung auf den Detektor beschleunigt wer- 
den, und 

eine Optik mit einer oder mehreren Elektroden 45 
(134, 136) zum Fokussieren der Elektronen auf 
den Detektor, 
gekennzeichnet durch: 

Leitermittel, aufweisend erste (152) und zweite 
(154) Leiter, die voneinander isoliert und im so 
wesentlichen in nicht-uberlappender Bezie- 
hung sequentiell entlang dem Pfad der Flug- 
bahnen der geladenen Partikel angeordnet 
sind, wobei der erste Leiter (152) elektrisch mit 
der Photokathode (130) verbunden 1st, und 55 
wobei der zweite Leiter (154) elektrisch mit 
einer der Elektroden (134) verbunden ist. 



2. Rdhre nach Anspruch 1, wobei die Quelle fur gela- 
dene Partikel eine Elektronenquetle 130 umfaftt. 

3. Rdhre nach Anspruch 1 oder 2, wobei die Leitermit- 
tel auf einer AuRenseite der VakuumhGile angeord- 
net sind. 

4. Rdhre nach Anspruch 1 oder 2, wobei die Leitermit- 
tel eine Beschichtung auf der AuGenseite aufwei- 
sen. 

5. Rdhre nach Anspruch 4, wobei die leitfahige Lei- 
tung Silber umfafSt. 

6. Rdhre nach einem der Anspruche 1 bis 5, wobei ein 
Spalt (156) zwischen den ersten (152) und zweiten 
(154) Leitern auf einem Tell der Vakuumhulle (110) 
angeordnet ist, der durch die Elektronen (134, 136) 
von einer direkten Sicht auf den Detektor (132) ver- 
sperrt ist. 

7. Rdhre nach einem der Anspruche 1 bis 6, wobei die 
Vakuumhulle ein Fenster (114) umfa&t und die Pho- 
tokathode (130) auf einer Innenseite des Fensters 
angeordnet ist. 

8. Rdhre nach einem der Anspruche 1 bis 7, wobei die 
Photokathode (130) Halbleitermaterial von der 
Gruppelll-VumfaBt. 

9. Rdhre nach einem der AnsprOche 1 bis 8, wobei die 
Photokathode (130) gewahlt ist aus der Gruppe, die 
besteht aus GaAs, GaAsp, InP und InP/lnGaAs. 

10. Rdhre nach einem der Anspruche 1 bis 9, wobei die 
Elektroden (134, 136) erste und zweite voneinan- 
der beabstandete Elektroden mit Durchbruchen 
(136) zum Durchlassen der Elektronen aufweisen. 

11. Rdhre nach einem der Anspruche 1 bis 10, wobei 
der Detektor eine Avalanche-Photodiode (132) 
umfa&t. 

12. Rdhre nach Anspruch 11, wobei die Vakuumhulle 
(110) eine koaxiale DurchfOhrung (160) aufwelst, 
die mit der Photodiode (132) verbunden ist, wobei 
die koaxiale DurchfOhrung (160) das Ausgangssi- 
gnal aus der Vakuumhulle (110) auskoppelt. 

13. Rdhre nach Anspruch 12, wobei die koaxiale 
DurchfOhrung einen zentralen Leiter (160) umfafit, 
und wobei die Photodiode (132) auf dem zentralen 
Leiter (160) angeordnet Ist. 

14. Rdhre nach Anspruch 13, wobei die Photodiode 
(132) ein Ende des zentralen Letters (160) abdeckt. 
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Revendications 

1 . Tube photomultiplicateur comprenant: 

une enveloppe a vide (110); 

une source de particules chargees dans ladlte 
enveloppe a vide (110) comprenant une photo- 
cathode (130) pour emettre des electrons en 
reponse aux photons incidents; 

un detecteur pour recueillir et multiplier lesdits 
electrons et pour fburnir un signal de sortie 
representatif desdits photons incidents, une 
difference de potentiel etant maintenue en 
fonctionnement entre la photocathode (130) et 
le detecteur, de maniere a accelerer les elec- 
trons vers le detecteur; et 

une optique comprenant une ou plusieurs elec- 
trodes (134, 136) pour focal iser lesdits elec- 
trons sur ledit detecteur; 
caracterise par: 

des moyens formant conducteur comprenant 
des premier (152) et second (154) conducteurs 
isoles Tun de I'autre et agences dans une rela- 
tion sensiblement sans chevauchement, de 
maniere sequentielle, le long du trajet des tra- 
jectoires des particules chargees, ledit premier 
conducteur (152) etant connecte electrique- 
ment a ladite photocathode (130), et ledit 
second conducteur (154) etant connecte elec- 
triquement a Tune desdites electrodes (134). 

2. Tube selon la revendicatlon 1, dans lequel ladite 
source de particules chargees comprend une 
source d'electrons (130). 

3. Tube selon la revendication 1 ou 2. dans lequel les- 
dits moyens formant conducteur sont disposes sur 
une surface exterieure de ladite enveloppe a vide. 

4. Tube selon la revendication 1 ou 2, dans lequel des- 
dits moyens formant conducteur comprennent un 
revdtement sur ladite surface exterieure. 

5. Tube selon la revendication 4, dans lequel ledit 
revdtement conducteur comprend de I'argent. 

6. Tube selon Tune quelconque des revendications 1 a 
5. dans lequel un espace (156) entre lesdits pre- 
mier (152) et second (154) conducteurs est situe 
sur une partie de ladite enveloppe a vide (110) dont 
la visibility directe depuis ledit detecteur (132) est 
obstruee par lesdites electrodes (134, 136). 

7. Tube selon I'une quelconque des revendications 1 a 



6, dans lequel ladite enveloppe a vide comprend 
une fenetre (114) et ladite photocathode (130) est 
situee sur une surface inteneure de ladite fenetre. 

5 8. Tube selon Tune quelconque des revendications 1 a 

7, dans lequel ladite photocathode (130) comprend 
un materiau seml-conducteur du groupe lll-V. 

9. Tube selon I'une quelconque des revendications 1 a 
10 8, dans lequel ladite photocathode (130) est selec- 

tionnee a partir d'un groupe consistent en GaAs, 
GaAsP, InP et InP/lnGaAs. 

10. Tube selon i'une quelconque des revendications 1 a 
15 9, dans lequel lesdites electrodes (134, 136) com- 
prennent des premiere et seconds electrodes 
espacees comportant des ouvertures (138) pour 
laisser passer lesdits electrons. 

20 11. Tube selon I'une quelconque des revendications 1 a 
10, dans lequel ledit detecteur comprend une pho- 
todiode a avalanche (132). 

12. Tube selon la revendication 11, dans lequel ladite 
25 enveloppe a vide (110) comprend une traversee 

coaxiale (1 60) connectee a ladite photodiode (1 32), 
ladite travers&e coaxiale (160) couplant ledit signal 
de sortie a I'exterieur de ladite enveloppe a vide 
(110). 

30 

13. Tube selon la revendication 12, dans lequel ladite 
traversee coaxiale comprend un conducteur central 
(160) et dans lequel ladite photodiode (132) est 
montee sur ledit conducteur central (160). 

35 

14. Tube selon la revendication 13, dans lequel ladite 
photodiode (132) recouvre une extremite dudit con- 
ducteur central (160). 

40 
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